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Tadpole Galaxy « UGC 10214
hihla Space Telescope * Advanced Camera for Surveys
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COBE DMR 4-Year Sky Map

MAP Simulated Sky Map
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Gravitational Leng HST - WFPC2
Galaxy Cluster 0024+1654

PRCY96-10 - ST Scl OPO - April 24, 1996

W.N. Colley {Princeton University), E. Turner (Princeton Universily),
J.A. Tyson (AT&T Bell Labs) and NASA
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Flat Rotation Curves:
The Light Ends, but the
Effect of Gravity Continues ...
(hence, DARK MATTER)

Our Neighbor, The Andromeda Galaxy

—- Courtesy of M. Roberts
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COSMIC WEB OF DARK MATTER

trom Virgo Project
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Distant Supernova in the Hubble Deep Field
Hubble Space Telescope » WFPC2

MASA and A, Rigss (STl » STSel-PRCIT.0H

Rl%ﬁ Eﬂn—l-li ast i’ﬂ'f? 11‘:,:":;?}[-;15:# e




Shho o/ ybossy V19 SO

Z
shigpnn Jieie 0 Mol
7= E | 0:0="0 ‘0'1="0 (-
0°0="0 '68'0="0"""]
$9'0="0 nmm.ﬂuzal..- >
uopnoag Josng fougy = . T
e ol s 3
E —— e a1 00 3
il . 2
oy




oF I-Q
m\ﬂtﬂﬂj..l._‘ﬂiﬁu - T o=
> G e '
o~ =Var (¢, M SR

o pab i et §
. T

N R 3

R S it e = 1Y

(s=21) Zabrn Kiwo af arpm\24
WISV I 31990H Wuaipa) 10 ' Qgnpig



MVST EVoLvE MORE mm‘ ™
MATTER: w=TPp £ -5
ﬁ,{ i R—z(nw)



w# onskenie has beow  dekeck
(Shvhha £ ateaic leyew w H )

W- Lamb, fﬂ-ﬂﬁﬁ

NWM Vacvm 1§ .'@i‘hc(‘[?*—p)
& s Gravilyss Repisive b

JUET WHAT 15 NEEDED - = BYT ..
mmﬁm ESTIMATES OF AMOUNT

1055 x whatsneeded o
¢)'~plam accdtrwhng Vnwase

H’-:}J'}]-w we hade q ﬂ?t”'ﬁ;ﬂlﬂm







" me
E BIG ACTURE

-
W ?
1t

2-0
QA
! Riess et
al)
O
i e |
2, 2:© _Q,
M



SN'E‘ﬂQ ?5‘?&:*,'3
Riess etal )




PDARK QUESTIONS

W Newtrine Condribuhon

0\% £ 0, &£ 57,

H.OoSeV

Z Conshiuent of CDM

l eclifa|ino 1
Dhrect mrhwf) M“"‘"‘*ﬁ’l;“‘r‘%mc E%Ht)

Accelarders Cravginom
. Dark Horse 04;’(

*WiMyp-Zilla (m» Tev)
vkeV sheni e newtrmo
. prn\:\zn w/ Or-s.ddy 11-‘-17

Dﬂ!’k En£?7 m, ,___1':

Keanden 17' La

spafl't-e.llf const?

OF VA CWp ENELGY
FE’E’ZE “CosmoraGicaL consT” )



XH’NE’P#‘ = Y+ Ar keV

> "%‘1 FW;KDEQ; v

4 wa‘ ~CAGKT ADDITIVE
Het ° DARKTAKTER.

F



Dﬂlrkfﬂfrﬁy ( ddrk en arJE)

non Juptinovs -, Ene@ad -like , most of e stuff
wioUnwerse’; dIfse ; veRar i

LOTs of 11 sigsine=in=suisst,
;Cffg‘l.] 0311 0.0k N W W

DOESNT CLUMP SIGNIEVANTLY ¢

. ¥ (eﬂ-’;‘gp) F LV

orde: y ] zwWp L 4 P fi'%f:#):
REPULSIVE GRAVITY:
:En GIL: Sovrca afarnu-‘ly a (p-:-g?)

« £ (113w) <o Fwc-)
Vo Relatvists call smetwivg w/1p) ~|p) “enaizy-hice”




Nefwonk of (AsmATED)

foleAL OEFecrs
EC STMNG Liuny

/5

Vern! ensnc: P- -%
INGGIERM. - - -1 p




T b f Spopopim

Ai.ﬂ#ﬂﬂ” _,wusmﬂ%_eku ﬁzi W) .i..\,g wY|

NolYUN) Jo 3qesijq 43

:




was C&25
p‘gctd::- }hugu _&old;—‘i—mbmsm y ‘b'-"' ﬂr:l‘tjéﬁn-ﬂﬂ.;

Byonstern 1933 (execcted by Stabw 4935)

Al Sehparon Fi"fy‘ 1986

zje ehal 1957
Pit;: ~Jeeblzy 152& %* othez

fiepanatal 1997 PGS VT O N
Carswell et al 1998 52 . S
K. Grgensean 1998: ... Bnef gt
o} Trhethon Are Unauadeble.




" B ,
!ﬁ.:: MW%WEWM

ERE

bapseInd
501§ SHOTh , HIS PE
Goavity Taow fmn fm
cmauze 1T B/ wa®p, , we)
) &k STRMT S oot
CASpIATE
Gustaye (A)
: O
FRAE VATUIM STRTE fet=
LOUING S RELD Lphe Voe)
QIESSEALE ¢ LY R V&)
“The <", REAK Nowas (4

o (sMioleCy, ..



Hm b. Hmﬁzéﬂ%g{)&ﬂ 367 (32)

MoRE ¢ { Latiea roon ow@,,

DABK ENEnGY m

BAfansSion
NE W= 3‘“':" = 8¢ (B, + A

D\smugEWMamemrm'ﬁ'z-
wj,f" V@ = j k@)

LUMINGS|T/ DISTANCE
d@ = B)v®E

= (£/ur ) &




ErOWTH OF STRYCTVRE -
g + z_Hg -47Gp,d =o

\ ‘5- %8 fl:alSm:-l ArTs LIKE ﬁ,.u:]'l;ml

AL Fzﬂ ! SLows TYE EALOWTTY

CRATK RE oF STRIETNE
Ly = CEJ,s

mmwn AUENCES Hou
STRUCTVRE DlngwP.s

Séggm\! 7Y OF ($TMOL067 TO W@
(TINITY T2 W(E) SWEET ASM

20T 5 2L




Z'0 HE@ M-
Nouriond
I8
|'© = _.....HO _wmﬁg
-0 =20 L w
U,_...ﬂ.. lmﬂﬁ__ H_...__.r@ Wﬁrﬂﬂwﬂ. mn.mm
5714
| ' -9 + AN <L 300
i -4-8d 30
¢0e="9 [ JrgLeSINY
o 130Q
SRE=IR0 AUSISNA NS
Gorg = MO Nolaopd
“Lslod  SOABISAS
Q03 Lrvil5

Watyvd WO QW0

_ ?n__.nmu A
SLenc)
75t kaiy
1T-M
@ Avisevs o SiASed
M@, Hopzgslaned V4D UNo)
ﬁ_”m,v.ﬂ_ (- 39y fr)d= .
o 0 gt
@ iﬁ._mmﬁﬂa NON @W.mmma

.ﬁazﬁﬁf.
Ba ovrps | PectRdel

GWEA SEUPARY  JoVIaw

5930 S 35 39594 STWSa)






